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The rapid generation of molecular in a relatively easy manner has made the cycloaddition reaction a powerful tool in the synthesis 
of different membered ring compounds. Clearly, iron catalysts are becoming a much more interesting and viable choice for this 
purpose. In this review, a number of promising results in the iron catalyzed cycloaddition reactions in the last decades were sum-
marized. Special attention has been paid to the asymmetric cycloaddition reactions. 
cycloaddition, iron catalyst, asymmetric 
 




Cycloaddition reaction, which can construct several bonds 
simultaneously in a single step, is one of the most powerful 
strategies for the synthesis of cyclic compounds from vari-
ous unsaturated substrates such as alkynes, alkenes, allenes, 
nitriles, aldehydes, ketones, imines, etc. Three-, four-, five-, 
six- or seven-membered rings are obtained through these 
transformations. The high atom-efficiency, as well as the 
good tolerance of different functional groups, continues to 
draw many chemists’ attention to this field. In particular, 
great efforts have been devoted to the development of novel 
and efficient catalytic systems. However, harsh reaction 
conditions are often required including heat, light, high 
pressure or sonication, and the lack of chemo- and/or regio-     
selectivity is also an important problem. Over the past deca-    
des, the use of transition metal catalysts has contributed 
significantly to the development of the cycloaddition reac-
tions and good selectivities were obtained [1]. 
Among all the available transition metals, iron is gene-     
rally regarded as one of the most inexpensive, abundant, 
benign and relatively non-toxic metals [2]. Many transfor-
mations have been effectively promoted by iron catalysts, 
and excellent reviews on the iron-catalyzed reactions are 
available [3–15]. Bolm and co-workers [3] summarized the 
most important transformations with the aid of iron catalysts 
in 2004, including addition, substitution, cycloaddition, re-
duction and other reactions. At a later time, they also reviewed 
the oxidative C–C coupling reactions [4] and the develop-
ment of carbon-heteroatom and heteroatom-heteroatom bond 
formation under iron catalysts [5]. The uses of FeCl3 as cata-   
lyst in organic synthesis were covered by Padrón [6] and 
Bolm [4], and the cross coupling reactions were discussed 
in detail by Fürstner [7,8]. Recently, direct C–H transfor-
mation via iron catalysis was summarized by Shi and 
co-workers [9]. Applications of iron catalysts on other reac-
tions were also summarized by Bauer [10], Enthaler [11], 
Nakamura [12], Liu [13] and Che [14] et al., respectively. 
However, despite the aforementioned contributions, re-
views mainly focus on the iron-catalyzed cycloaddition reac-   
tions are rather rare [15]. In this review, we will point out 
recent advances in this field, most contributions going from 
2004 to Nov. 2011. Although every effort has been made to 
avoid repetition, some overlap with the contents in previous 
review sections [3,14] or chapters of books [15] is still un-
avoidable. 
1  Iron-catalyzed cycloaddition reactions 
1.1  Construction of three-membered rings 
[2+1] cycloaddition reaction that combines an alkene and a 
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diazo compound or nitrene fragment is an effective way to 
construct three-membered rings (cyclopropanes and aziri-
dines, respectively, Scheme 1). The cyclopropanation and 
aziridination of alkenes have been recently reviewed by 
Zhou and co-workers [14] in two sections, and will be part-
ly discussed here. 
 
Scheme 1 
Iron porphyrins (Scheme 2) are among the most efficient 
catalysts reported for the cyclopropanation of alkenes with 
diazo compounds. In 2001, Woo and co-workers [16] re-
ported an efficient Fe(TTP)-catalyzed cyclopropanation of 
styrene with aryldiazomethanes. Interestingly, a reversal of 
diastereoselectivity was observed when different diazome-
thanes were employed (Scheme 3). For example, when p- 
tolyldiazomethane was subjected to this reaction, the corre-
sponding product 1a was obtained in 79% yield with a high 
stereoselectiviy (trans:cis = 14:1), whereas a cis:trans ratio 
of 2:1 was found when bulkier mesityldiazomethane was 
used. In both cases, side product 2 was detected, in 21% and 
40% yield, respectively. 
A remarkable anti selectivity was observed by Tagliates-
ta et al. [17] using a bulkier iron porphyrin complex 







cyclopropanation of various styrene derivatives and ethyl-
diazoacetate (EDA) afforded the desired products in high 
yields (up to 97%) and excellent diastereoselectivity (trans: 
cis up to 78:1), and gave only the diethylmaleate as by- 
product in much lower yields. 
The asymmetric cyclopropanation of alkenes catalyzed 
by chiral iron porphyrin complexes was reported by Woo 
and co-workers [18] (Scheme 5). Iron complex with a D4- 
TPAP ligand gave high diastereoselctivity (trans:cis ratio 
up to 21:1) and moderate ee value for both diastereoiso-
mers. Better diastereoselectivity (trans:cis ratio not less 
than 12 and up to 23) and higher enantioselectivity for 
trans-isomers (74%–86%) were observed by Lai et al. [19] 
using a similar iron porphyrin complexe [Fe(D4-TmAP)Cl 
with Halterman’s ligand. It is worthy to mention that the 
detection of [(py)Fe(D4-TmAP)(CHCO2Et)] intermediate by 
ESMS in the latter case confirmed the active species in the 
catalytic cycle of alkene cyclopropanation. 
 
Scheme 5 
Under the same iron catalyst, the asymmetric synthesis of 
cyclopropyl ketones [20] and trifluoromethylphenyl cyclo-
propanes [21] were accomplished by Simonneaux and co- 
workers with excellent anti selectivity and moderate to good 
enantioselectivity (Scheme 6). However, the carbene pre-
cursor trifluoromethyl diazomethane 3 is difficult to be 
handled because of its gaseous state at room temperature, 
and the synthetic method of 3 is still limited. 
Recently, Carreira and co-workers [22] reported a prac-
tical method for the diastereoselective preparation of trifluo-      
romethyl-substituted cyclopropanes in the presence of Fe 
(TTP)Cl in aqueous media. The active reagent 3 was gener-
ated in situ from F3CCH2NH2·HCl and H+/NaNO2 in aque-
ous media. The corresponding cyclopropanes were obtained  




in high yields as single trans diastereoisomers (Scheme 7). 
Only 1 equiv of alkene was required under the reaction 
conditions and the iron-porphyrin catalyst was compatible 
with the aqueous media. Further extension of this method to 
alkyl-substitued alkene only gave the product in 10% yield. 
 
Scheme 7 
More recently, an iron-catalyzed cyclopropanation to pre-
pare trifluoromethyl substituted vinyl- and alkynylcyclo-
propanes was reported by the same authors using a similar 
procedure (Scheme 8) [23]. The amount of trifluoroeth-
lyamine hydrochloride was adjusted to 2–4 equiv and the 
acid was not necessary. The cyclopropanes were obtained 
chemoselectively as single diastereoisomers and no biscy-
clopropanation products were observed. 
 
Scheme 8 
Apart from the iron porphyrin complexes, air-stable - 
oxo-bis[(salen)iron(III)] complexes (Scheme 9) were active  
 
Scheme 9 
catalysts for alkene cyclopropanation [24,25]. Moderate to 
good yields (19%–97%) and moderate diastereoselectivity 
(trans:cis = 1.7–4.0:1) were obtained for terminal olefins or 
even difficult internal olefins, such as trans--methyl styrene.  
Since the first example of iron-catalyzed alkene azaridi-
nation reaction was reported by Mansuy et al. [26] using an 
iron porphyrin complex Fe(TTP)Cl as catalyst, the “C2+N1” 
azaridination reactions have emerged in recent years. 
PhINTs was the most frequently used “N1” source among 
the reported nitrene reagents. Compared with porphyrin 
compounds, phthalocyanines are much easier to access and 
more stable to degradation. Iron phthalocyanine complex 4 
(Scheme 10) used as catalyst for the aziridination of alkenes 
and PhINTs was reported by Zhou and co-workers [27] in 
good yields with only slight excess of PhINTs (1.5 equiv). 
The iron Lewis acid [(5-C5H5)Fe(CO)2(THF)]+[BF4] 5 also 
proved to be an efficient catalyst for the aziridination of 
styrene derivatives with PhINTs, as reported by Hossain 
and co-workers [28], affording the corresponding product 
with up to 85% yield (Scheme 11). Notablely, stereospecific 
products were obtained when internal alkenes were em-
ployed: cis- and trans-aziridines from cis- and trans-alkenes, 
respectively. 
Non-heme iron complexes were also effective catalysts 
for aziridination of alkenes with PhINTs. Latour and co- 
workers [29] reported a dinuclear iron(II/III) complex 6 
(Scheme 12) catalyzed arididination of styrene, cyclooctene 
and 1-hexene, however, only moderate yields were obtained 
even in the presence of a large excess of alkene (2000 equiv 









indicated that a high-valent iron-imino species formed upon 
the oxidation of 72+ by excess ArINTs might be the actual 
catalyst of aziridination. 
Another type of non-heme iron complexes bearing the 
triamine ligand were reported by Halfen and co-workers 
[30], including (Me5dien)Fe(OTf)2 8 and (
iPr3TACN)Fe-     
(OTf)2 9 (Scheme 12). Although a small excess of alkene 
substrate (25 equiv versus PhINTs) was required, the reac-
tion of styrene and PhINTs afforded the aziridine product in 
high yield (>95%). Comparison studies of different iron(II) 
complexes on the catalytic reactivity revealed that a pair of 
cis labile coordination sites were crucial for effective cata-
lysts. Further experimental and computational investigations 
on the mechanism [31] indicated that an imidoiron(IV) spe-
cies 10, which is generated from the oxidation of the iron 
(II)-containing catalyst by PhINTs, would be a potential 
intermediate for the aziridination. 
Although iron complexes containing tetra- or pentaden-
tate nitrogen ligands were not good catalysts for styrene 
aziridination with PhINTs [30], six-coordinated iron com-
plex 11 (Scheme 13) resulting from two terpyridine ligands 
was an effective catalyst for intermolecular and intramolec-
ular aziridination of alkenes [32]. The intermolecular aziridi-
nation of aromatic and aliphatic alkenes with PhINTs or 
PhINNs afforded the aziridine products in good yields. Un-
saturated sulfonamides were intramolecularly cyclized to 
give the bicyclic aziridines in high yields. 
The iron-catalyzed aziridination reaction of alkenes with 
sulfonamides or PhINX (X=Ts, Ns, etc.) was also reported 
by Bolm and co-workers [33] in the presence of a simple 
iron salt Fe(OTf)2 (Scheme 14). The in situ generated imi-
noiodianes from the mixtures of the corresponding sulfon-
amide and PhI(OAc)2 made this reaction a variation of the 





It is noteworthy that the potential of asymmetric aziridina-
tion reaction was realized using (S, S)-iPr-py-BOX as ligand 
with up to 40% ee. Further modification of this catalytic 
system by using ionic liquid emim BTA and quinaldic acid 
as additives allowed the reaction to be more practical and 
efficient [35]. 
The use of chloramine-T or bromamine-T as “N1” source 
proved to be more environmentally benign compared with 
PhINTs. Gross and co-workers [36] disclosed an iron(III) 
corrole complex catalyzed aziridination of styrene deriva-
tives with chloramines-T, whereas Zhang and co-workers 
[37] reported an aziridination of alkenes with bromamine-T 
in the presence of Fe(TPP)Cl (Scheme 15). Although only 
moderate yields were obtained in both cases, the main 
by-product NaCl and NaBr instead of PhI can be easily re-
moved from the reaction system and thus allowing the pro-
cedure to be more practical. 
 
Scheme 15 
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Because of the safety of the by-product (nitrogen gas) to 
the environment and higher atom-efficiency compared with 
PhINTs, organic azide has drawn great attention in organic 
synthesis and been applied in the aziridination reaction. 
Recently, Che and co-workers [38] reported the first exam-
ple of iron-catalyzed aziridination of alkenes using aryl az-
ides as nitrogen source under thermal and microwave-assisted 
conditions (Scheme 16). The aziridination of aryl alkenes 
can be accomplished by using FeIII(F20-tpp)Cl as catalyst 
with good yields under reflux, whereas slightly lower yields 
were obtained for aliphatic alkenes due to their lower reac-
tivity. Under microwave irradiation conditions, the reaction 
time can be greatly reduced without significantly affecting 
the product yield and substrate conversion. However, the 
reported examples were mostly limited to the strongly elec-




More recently, Jenkins and co-workers [39] reported a 
tetracarbene iron(II) complex 12 catalyzed aziridination of 
aryl azides and a variety of substituted aliphatic alkenes 
(Scheme 17). Both electron-donating and -withdrawing aryl 
azides reacted effectively. Although low yields (20%–39%) 
and long reaction time (144–160 h) were found in most 
cases, substrates including tri- and tetrasubstituted aliphatic 
alkenes which were more challenging reagents than the sty-
rene derivatives in previous studies have been successfully 
transformed into the corresponding aziridines. ESI-MS 
spectrum revealed that an Fe(IV) imide would be a potential 
intermediate. Importantly, since complex 12 is insoluble in  
 
Scheme 17 
the reaction mixture at room temperature, the catalyst can 
be easily separated and reused. 
1.2  Construction of four-membered rings 
The formation of four-membered ring systems can be ac-
complished by [2+2] cycloaddition under themal or photo-
chemical conditions. Early in 1982, the [2+2] cycloaddition 
of alkenes and methyl tetrolate was reported by Rosenblum 
et al. [40] using a CpFe(CO)2 cation (complex 5 or 13) al-
beit with low yields (Scheme 18). The reaction outcome is 
strongly dependent on the structure of alkenes. For example, 
1,2-disubstituted cyclic and aliphatic alkenes afforded cy-
clobutenes along with some 1,3-dienes, whereas 1,1-disub-     
stituted or trisubstituted alkenes only gave the lactone salts. 
 
Scheme 18 
In 2001, Itoh and co-workers [41] reported the [2+2] cy-
clodimerization of trans-anethole 14 using Fe(ClO4)3 and  
a BOX ligand as catalyst to afford anti-cyclobutane 15 in 
good yield (78%, Scheme 19). Better result (92%) was  
 
Scheme 19 
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obtained when the Fe(ClO4)3 was supported by neutral 
Al2O3, although requiring longer reaction time. Importantly, 
when the reaction was carried out at lower temperature and 
stopped at 10 min, syn-15 and anti-15 were obtained in 15% 
total yield. Further treatment of this mixture at room tem-
perature for 6 h found that syn-15 was completely isomer-
ized to anti-15, indicating that the cycloreversion of syn-15 
took place and anti-15 was a more thermodynamically sta-
ble dimer. 
This iron catalyst (Fe(ClO4)3/Al2O3) was subsequently 
applied to the cycloaddition of styrene derivatives with qui-
nine by the same authors in excellent yields and trans selec-
tivity (Scheme 20) [42]. Remarkable acceleration was ob-
served when ionic liquid [bmin]PF6 was used as solvent, 
which required only 10 min to furnish the product. The re-
action was proposed to be caused by one-electron oxidation 
in the presence of iron(III) cation and followed by the rear-
rangement of the cycloadduct from alkene and quinine to 
afford the desired products. 
 
Scheme 20 
An iron-catalyzed intramolecular [2+2] cycloaddition of 
,-dienes was reported by Chirik and co-workers [43]. In 
the presence of an iron bis(nitrogen) complex bearing a bis- 
(imino)pyridine ligand, (iPrPDI)Fe(N2)2 (16-(N2)2), the cy-
cloaddition of unactivated 1,6-heptadienes to [0.2.3]bicy-      
cloheptane afforded only the cis products with more than 
90% conversion (Scheme 21). Amine and ester functional 
groups on the substrates were well tolerated with the cata-
lyst, except those with secondary amine or SiMe2 groups. 
Mechanism studies revealed that Fe(II) rather than Fe(0) 
acted as the active species, and the redox activity of the 
iPrPDI ligand preserved the ferrous oxidation state through-
out the catalytic cycle. 
Very recently, they reported a more challenging iron  
 
Scheme 21 
catalyzed intermolecular [2+2] cycloaddition reaction of eth-   
ylene and butadiene to furnish vinylcyclobutane in 95% 
yield [44]. However, when a methyl group was introduced 
into the diene substrate, 5-methylhexa-1,4-diene was ob-
tained as the main product (95% yield). Deuterium labeling 
experiments revealed that intermolecular [2+2] cycloaddi-
tion and 1,4-addition reaction were carried out in the pres-
ence of different substrates, respectively (Scheme 22). Im-
portantly, isolation of the iron metallocycle intermediate 18 
as well as the stoichiometric experiments of 18 with alkenes 
or CO disclosed the reaction mechanism. The reaction was 
initialized through the displacement of the dinitrogen lig-
ands by butadiene to form iron metallocycle intermediate 17, 
followed by the oxidative coupling of ethylene to generate 
18. Butadiene-induced reductive elimination furnished the 
vinylcyclobutane and regenarated the iron butadiene com-
pound 17. When isoprene was used as substrate, -hydrogen 
elimination took place and subsequently C–H reductive 
elimination resulted in the 1,4-addition product. 
 
Scheme 22 
1.3  Construction of five-membered rings 
The generation of five-membered ring compounds can be 
achieved by [2+2+1], [4+1] or [3+2] cycloaddition reactions. 
Since there are no further developments on the iron cata-
lyzed [4+1] cycloaddition reactions after the work by Eaton 
and co-workers [45–49], this part will not be discussed here. 
(1) [2+2+1] cycloaddition.  Stoichiometric [2+2+1] cy-
cloaddition of diynes and Fe(CO)5 was reported by Knölker 
et al. [50,51]. In the presence of 2 equiv Fe(CO)5, the 
[2+2+1] cycloaddition of 1,8-dialkynylnaphthalene 19 or 
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diyne 21 with carbon monoxide afforded the tricarbonyliron 
complex 20 or 22 in 90% and 99% yield (Scheme 23), re-
spectively. Further transformation of these two iron com-
plexes provided corannulene and norketoyobyrine in good 
yields. This method has demonstrated that the iron-mediated 
[2+2+1] cycloaddition of diynes can be applied to the con-
struction of polycyclic frameworks and the total synthesis of 
biologically active alkaloids as the key step. 
 
Scheme 23 
A hetero-Pauson-Khand-type [2+2+1] cycloaddition re-
action of ketimines, carbon monoxide and ethylene under 
catalytic amount of Fe2(CO)9 was reported by Imhof and 
co-workers [52]. The reaction exclusively took place at the 
imine functional group adjacent to the oxazine oxygen atom 
(Scheme 24), however, only 55% of 1,4-diazabutadiene 23 
was converted to spirolactam 24 and the reaction scope was 
rather limited. In addition, mixed compounds or no reaction 
was observed in the absence of carbon monoxide or eth-
ylene (Scheme 24), respectively, which indicated that the 
insertion of ethylene would be the first reaction step. The 
reaction of an imine instead of a 1,4-diazabutadiene under 
the same conditions only proceeded with lower selectivity. 
This result revealed that the ketimine functionality acted as a 
bidentate ligand and subtle substituent effects were responsible  
 
Scheme 24 
for the regioselectivity, as also suggested by the theoretical 
studies [53]. 
(2) [3+2] cycloaddition.  The [3+2] cycloaddition reac-
tion of 1-allyl iron complexes with unsaturated electro-
philic reagents provided an alternative approach to the iron- 
substituted cyclic compounds. After removal of the iron 
moiety, five-membered rings were obtained. Turos and co- 
workers [54] reported a [3+2] cycloaddition reaction of N- 
tosylimines with allyl(cyclopentadienyl)iron(II) dicarbonyl 
complexes in the presence of 15 mol% ZnCl2. Subsequent 
treatment with a methanolic solution of ceric ammonium 
nitrate under an atmosphere of CO afforded the pyrrolidine 
methyl esters as a mixture of diastereomers (Scheme 25). 
 
Scheme 25 
Similar reactions between the iron(II) complex and imin-
ium salts of aldehydes and ketones were demonstrated by 
Ipaktschi and co-workers [55] with good to excellent yields. 
Reactions of allyl(cyclopentadienyl)iron(II) dicarbonyl com-
plexe with in situ generated iminium salts from aldehydes 
and a secondary amine also gave the iron complexes in ex-
cellent yields (Scheme 26). Further demetalation of these 




(1-Indenyl)iron compounds, the analogue of allyliron 
complexes, were also capable of participating in [3+2] cy-
cloadditions [56]. Reactions of (1-indenyl)Fp with maleic 
anhydride or tetracyanoethylene gave the corresponding 
cycloadducts in 51% and 93% yield (Scheme 27), respec-
tively. Other substrates such as dimethyl fumarate, dimethyl 
acetylenedicarboxylate and diethyl azodicarboxylate failed 
to react. 
Along with the aforementioned iron complexes, simple  




iron salt FeCl3 also acted as a good catalyst for the con-
struction of pyrroline rings from N-tosyl aziridines and ter-
minal arylalkynes, as reported by Wang and co-workers [57] 
(Scheme 28). Transformation of 2-pyrrolines into -amino 
ketones was achieved by a one-pot protocol of aziridines 
and arylalkynes under mild conditions. Additional experi-
ments revealed that strong electron-deficient or unactivated 
aziridines as well as alkyl alkynes were not good substrates 
for this reaction, and resulted in completely no reaction. 
 
Scheme 28 
The asymmetric [3+2] cycloaddition reactions of nitrones 
and enals were described by Kündig and co-workers [58] using 
a chiral iron Lewis acid (R,R)-25 as the catalyst (Scheme 
29). Good to excellent yields and high enantioselectivity (up 
to 96%) were obtained in the reaction of pyrrolidine N-oxide 
and methacrolein. However, longer reaction times were 
required (>120 h) when diaryl nitrones were subjected to 
this reaction, and a mixture of regioisomers in ratios varying  
 
Scheme 29 
from 28:72 to 93:3 was observed [59]. The isoxazolidine 
products 27 and 28 were generated from the asymmetric 
[3+2] cycloaddition between diaryl nitrones and methacro-
lein in moderate yields (34%–53%), high enantioselectivity 
(up to 95%) and complete endo selectivity. Experimental 
and computational studies suggested that the regioselectivity 
was dependent on the electronic properties of the nitrone. 
Recently, Wang and co-workers [60] reported the first 
example of Fe(II)/N,O-ligand (29) catalyzed asymmetric 
[3+2] cycloaddition reaction of azomethine ylides with al-
kenes. In the presence of 10 mol% FeCl2 and diaryl prolinol, 
the reaction of azomethine ylides with electron-deficient 
alkenes underwent smoothly to afford the endo-adducts 30 
in moderate to good yields and enantioselectivities (up to 
78%, Scheme 30). 
 
Scheme 30 
1.4  Construction of six-membered rings 
(1) [2+2+2] cycloaddition.  Transition metal-catalyzed [2+ 
2+2] cycloaddition of unsaturated compounds, such as al-
kynes, nitriles, alkenes, imines and isocyanates, is the most 
atom-economical protocol for the synthesis of six-mem-     
bered ring compounds [61–74]. Although various types of 
catalysts and substrates have been subjected to the inter- and 
intramolecular reactions, the development of iron-catalyzed 
[2+2+2] cycloadditions was very slow and the substrates 
were mainly focused on the alkynes and nitriles. In particu-
lar, the chemoselectivity as well as the regioselectivity re-
mains a crucial problem in these reactions. 
An iron sandwish complex was applied to the intermo-
lecular cyclotrimerization reaction of terminal or internal 
alkynes by Pertici and co-workers [75]. In the presence of 
0.6 mol% Fe(6-CHT)(4-COD) (CHT=cyclohepta-1,3,5- 
triene; COD=cycloocta-1,5-diene), polysubstituted benzenes 
were obtained with good to excellent yields. However, for 
most terminal alkynes, a mixture of two regioisomers was 
produced in a ratio of ca. 1:1. Better selectivity (31:32= 
95:5) was realized when large difference between two sub-
stituent groups on the alkyne molecular (e.g. H and TMS, 
Scheme 31). 
Recently, a highly regioselective cyclotrimerization of 
terminal alkynes catalyzed by Fe(II) complexes bearing 
N,N,N-ligands was reported by Yang and co-workers [76]. 
The in situ generated low valent iron catalyst from the iron 
complex 33, Zn and ZnI2 in acetonitrile was tested with 
various terminal alkynes (Scheme 32). 1,2,4-Trisubstituted 
benzenes 34 were found to be the major products for aryl  






alkynes in good to excellent yields, whereas the regioselec-
tivity for alkyl alkynes is only moderate (34:35=58:42– 
62:38). It is worth mentioning that no pyridine byproducts 
were observed from the cycloaddition of two alkynes and a 
nitrile even using CH3CN as the solvent. 
The regioselective problem can be avoided by utilizing 
the intramolecular cyclotrimerization of triynes, which was 
accomplished by Okamoto and co-workers [77,78]. The 
triynes could be effectively cyclotrimerized to annulated 
benzenes by treatment with a catalytic amount of FeCl3, Zn 
power and either N-heterocyclic carbene IPr or diimine lig-
and 36 with up to 98% yield (Scheme 33). The using of 
2-(iminomethyl)pyridine 37 as the ligand instead of IPr or 
36 could tolerate trace amount of water, thus allowing to 
use the hydrate form FeCl3·6H2O and make this catalytic 
system more practical. 
 
Scheme 33 
Low valent iron olefin complexes with the oxidation 
state 0 and +1 were also effective catalysts for the cyclotri-
merization of triynes. In the presence of Fe(0) complex 38 
or Fe(+1) complex 39, triyne was smoothly converted into 
the annulated benzene, although a higher catalyst loading 
and a longer reaction time were required for catalyst 39 
(Scheme 34) [79]. Similarly, diyne also dimerized cleanly in 
70% yield. Stoichiometric reaction of 39 with 1,2-diphe-      
nylacetylene afforded the 17-electron Fe(+1) cyclobutadi-




The increased oxidation number of the iron center by two 
in the ferracycle intermediate favored subsequent coordina-
tion of a nitrile rather than an alkyne, thus allowing the for-
mation of pyridine derivatives. Zenneck and co-workers [80] 
developed an Fe(0) complex 42 catalyzed [2+2+2] cycload-
dition of two molecules of alkynes and nitriles (Scheme 35), 
however, this approach gave low chemoselectivity (benezenes 
were the main products) and had a complicated procedure 
for catalyst preparation. A stoichiometric reaction between 
an Fe(+1) complex and alkynes was report by Guerchais 
and co-workers [81] with high chemoselectivity (Scheme 
36). The nature of the solvent has a great effect on the reac-
tion product, for instance, the using of CH3CN as solvent 
gave 2,3,6-trisubstitued pyridine 44 in 73% yield whereas 
only -pyridine iron complexes were obtained in the pres-
ence of CH2Cl2 instead of CH3CN. 
Recently, Wang and co-workers [82] reported an iron- 
catalyzed [2+2+2] cycloaddition of diynes and unactivated  
 
Scheme 35 




nitriles at room temperature to produce pyridine compounds 
in good to excellent yields (Scheme 37). The catalyst is 
generated in situ from an inorganic iron salt and a diphos-
phine ligand with zinc dust as reductant, and exhibited high 
reactivity and regioselectivity. The intermolecular cycload-
dition of monoalkynes exclusively afforded the 1,2,4-trisub-       
stituted benzene 46 in 55% yield, whereas the intermolecu-
lar cyclocotrimerization of phenylacetylene with 5 equiv 
CH3CN gave two pyridines isomers 47 and 48 in 60% and 
6% yield, respectively (Scheme 38). The competition ex-
periment between acetonitrile and 3 equiv phenylacetylenes 
only provided a small amount of pyridine product 47, and 





formation of the ferracyclopentadiene intermediate was 
strongly inhibited in the presence of nitrile and the trans-
formation would take place via an azaferracyclopentadiene 
intermediate 45 (Scheme 37). However, the combination of 
alkynenitrile with alkyne in a 1:1 ratio proved unsuccessful, 
only leading to the complete intermolecular cycloadduct of 
alkynenitrile and two alkynes. 
Almost at the same time, the iron-catalyzed [2+2+2] cy-
cloaddition of alkynenitriles and alkynes was reported by 
Louie and co-workers [83] using a similar methodology. In 
the presence of Fe(OAc)2, bis(imino)pyridine ligand 49 and 
zinc power, alkynenitriles and alkynes readily cyclized to 
form a variety of substituted pyridines in good yields alt-
hough slightly higher reaction temperature was required 
(Scheme 39). The cycloaddition reactions of unsymmetrical 
alkynes (aryl-alkyl alkynes and alkyl-alkyl alkynes) with 
alkynenitrile afforded regioisomers 50 and 51 in ratios 
ranging from 0:1 to 4:1 (Scheme 40). Interestingly, a sin-
gle regioisomer was obtained in the reaction of a sterically 
hindered alkyne (R1=Me, R2=tBu) with the tBu-group proxi-
mal to the nitrogen of pyridine. Specifically, the catalytic 
system was also effective in the all-intermolecular cycload-





(2) [4+2] cycloaddition.  Another approach for the gener-
ation of six membered rings is the [4+2] cycloaddition reac-
tion, which mainly focuses on the Diel-Alder (DA) reaction of 
a diene and a dienophile. Three types of the iron-catalyzed 
DA reactions including normal HOMOdiene-controlled, neu-
tral and inverse HOMOdiene-controlled reactions (Scheme 41) 
have been recently summarized by Hilt et al. [15]. Interestingly,  




these reactions can be promoted effectively by iron catalysts 
in different oxidation states, for instance, the dienophiles 
with electron-withdrawing groups (EWG) can coordinate to 
the iron catalysts in high oxidation states and lower the 
LUMO energy, whereas the low valent iron complexes are 
able to coordinate the neutral starting materials and trans-
form the reactants into corresponding cycloadducts. How-
ever, only a few examples on the iron-catalyzed DA reac-
tions have been reported recently and mostly in an asym-
metric manner. 
Application of chiral iron catalysts to the [4+2] cycload-
dition allowed the generation of chiral products and induc-
tion of stereoselectivity. Typical substrates used in the DA 
reactions are cyclopentadiene, acrolein, acrylate and acryla-
mide derivatives. Early in 1991, Corey et al. [84] reported 
the first asymmetric reaction between 3-acryloyl-1,3-oxa-    
zolidin-2-one and cyclopentadiene utilizing an iron com-
plexes generated in situ from FeI3, I2 and chiral ligand 52 
(Scheme 42). Endo product was predominantly obtained in 
95% yield, 92% selectivity and 82% ee. Interestingly, when 
fluxional additives were added into a similar catalyst system 
consisted of Fe(ClO4)2 and ligand 52, a large increase in ee 
value was observed [85]. Better results (up to 98% ee) were  
 
Scheme 42 
achieved by Kanemasa and co-workers [86,87] using an 
iron aqua complex of chiral bisoxazole ligand 53, water, 
alcohols, amines and acids were well tolerated. Other bi-
dentate ligands such as phosphorus dioxide ligand 54 [88] 
and disulfoxide ligand 55 [89] were also developed but with 
lower efficiency. 
On the other hand, tridentate ligand pybox was employed 
in the catalytic enantioselective DA reaction of polysubsti-
tuted silyl enol ethers by Shibasaki and co-workers [90]. 
High enantioselectivity (up to 92% ee) was obtained using a 
catalyst generated from FeBr3 and (R,R)-aryl-pybox 56 
(Scheme 43). Application of this methodology to the enan-
tioselective synthesis of hyperforin, garsubellin A or ent- 
hyperforin was accomplished by the same authors [91,92]. 
 
Scheme 43 
In addition to these ligands, iron cyclopentadienly cata-
lyst (R,R)-25 and its derivatives bearing chiral phosphorus 
ligands were applied to the asymmetric DA reaction of ,- 
enals and dienes by Kündig and co-workers [93–95] (Scheme 
44). Good yields, high diastereoselectivities (mainly exo 
products) and excellent enantioselectivities were obtained. 
The [4+2] cycloaddition of 1,3-butadiene with ethyne or 
propyne mediated by bare Fe+ in the gas phase was reported 
by Jacobson and co-workers [96]. Fe+ was generated by 
laser desorption/ionization from a high-purity iron foil and 
formed Fe(1,4-cyclohexadiene)+ from ethyne. Subsequent  
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dehydrogenation produced the corresponding Fe(benzene)+ 
complex. The intramolecular [4+2] cycloaddition of diene- 
ynes catalyzed by Fe(0) complex 38 was described by 




Recently, stoichiometric cycloaddition reactions of al-
kynes or 1-haloalkynes with vinylketeneiron(0) complexes 
affording the catechol derivatives were described by Schnatter 
and co-workers [97,98] (Scheme 46). However, two regioi-
somers with moderate yields were generally obtained and 
the reaction with several alkyl, silyl and aryl alkynes pro-
duced alkyne trimers as the major products. The steric hin-
drance rather than the electronic factors of the alkynes ac-
counts for the regioselectivity. 
 
Scheme 46 
1.5  Construction of seven-membered rings 
Compared with other ring construction methods, approaches 
to seven-membered rings are not so abundant. The [5+2] 
cycloaddition reactions present a great potential to synthe-
size seven-membered ring systems [99]. However, only a 
single report by Fürstner and co-workers [79] on the iron 
catalyzed [5+2] cycloaddition has appeared so far. The in-
tramolecular reaction of vinylcyclopropane and alkyne pro-
ceeded smoothly in the presence of Fe(0) complex 38 or 57 
(Scheme 47), providing the cycloadducts 58 and 59 in good 
to excellent yields combined with moderate to good dia-
stereoselectivities. In accordance with the previous results 
(Schemes 34 and 45), the COD-containing complex 38 
proved more efficient than other Fe(0) complexes. 
2  Conclusions 
The rapid generation of molecular in a relatively easy manner 
has made the cycloaddition reaction a powerful tool in the  
 
Scheme 47 
synthesis of three-, four-, five-, six- and seven-mem-      
bered ring compounds. Clearly, iron catalysts are becoming 
a much more interesting and viable choice for this purpose. 
In this review, we have presented a number of promising 
results in the iron catalyzed cycloaddition reactions during 
the past few years. Notable improvements have been made 
on the exploration of novel iron catalysts, including iron 
Lewis acids as well as preformed or in situ generated low 
valent iron catalysts. Importantly, chiral iron complexes or 
iron catalysts with chiral ligands have been successfully 
applied to the asymmetric cycloadditions.  
Despite the gratifying achievements obtained in the iron 
catalyzed cycloaddition reactions, this area is still far from 
the mature state and is full of challenges. Typically, iron is 
not the first choice when it comes to develop novel catalyst 
systems. The relatively higher catalyst loading and lower 
efficiency of the iron catalysts compared with noble metal 
catalysts in similar reactions limit the further applications in 
organic synthesis. Consequently, a thorough understanding 
of mechanism details will be crucial for the improvement of 
catalytic activity. In addition, new substrates, highly effi-
cient iron catalysts and new types of reactions are expected 
to broaden the usability of cycloadditions. Furthermore, the 
chemoselectivity as well as the regioselectivity of the cy-
cloaddition reaction is an urgent problem to be solved. Finally, 
the development of enantioselective protocols will benefit 
the synthesis of chiral compounds or natural products. 
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